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A semiconductor device which has a high performance inte 
grated circuit formed of an inexpensive glass substrate and 
capable of processing a large amount of information and 
operating at higher data rates. The semiconductor device 
includes semiconductor elements stacked by transferring a 
semiconductor element formed on a different substrate. A 
resin ?lm is formed between the stacked semiconductor ele 
ments and a metal oxide ?lm is partially formed between the 
stacked semiconductor elements as well. A ?rst electric signal 
is converted to an optical signal in a light emitting element 
electrically connected to one of the stacked semiconductor 
elements. Meanwhile, the optical signal is converted to a 
second electric signal in a light receiving element electrically 
connected to another one of the stacked semiconductor ele 
ments. 

23 Claims, 14 Drawing Sheets 

530 



US 7,459,726 B2 
Page 2 

4,843,587 
4,851,695 
4,888,625 
4,894,699 
4,988,891 
5,008,554 
5,095,380 
5,200,631 
5,249,245 
5,262,980 
5,266,794 
5,268,679 
5,291,324 
5,297,232 
5,339,090 
5,353,247 
5,357,122 
5,362,961 
5,383,042 
5,410,502 
5,478,658 
5,483,263 
5,488,735 
5,491,571 
5,502,837 
5,523,704 
5,546,209 
5,583,570 
5,654,559 
5,705,829 
5,738,731 
5,832,147 
5,848,214 
6,111,902 
6,140,165 
6,160,828 
6,627,518 
6,627,953 
6,661,940 
6,730,933 
6,878,607 
7,079,776 

2001/0006503 
2002/0009274 
2002/0027206 
2002/0158263 
2002/0159487 
2003/0002826 
2003/0032210 
2003/0122137 
2003/0139520 
2003/0162312 
2003/0218174 
2003/0218418 
2004/0007706 

U.S. PATENT DOCUMENTS 

6/1989 
7/1989 

* 12/1989 

* 1/1990 

1/1991 
4/1991 
3/1992 
4/1993 

* 9/1993 

11/1993 
11/1993 
12/1993 
3/1994 
3/1994 
8/1994 

10/1994 
10/1994 
11/1994 
1/1995 
4/1995 
12/1995 
1/1996 
1/1996 
2/1996 
3/1996 
6/1996 
8/1996 

12/1996 
* 8/1997 

1/1998 
4/1998 
11/1998 

* 12/1998 

8/2000 
10/2000 
12/2000 

B1 9/2003 
9/2003 

B2 12/2003 
B1 5/2004 
B2 4/2005 

7/2006 
A1 7/2001 
A1 1/2002 

3/2002 
A1 10/2002 
A1 10/2002 
A1 1/2003 
A1 2/2003 
A1 7/2003 
A1 7/2003 
A1 8/2003 
A1 11/2003 
A9 11/2003 
A1 1/2004 

Schlunt et al. 
Stein ........................ .. 250/551 

Mueller .. 257/80 

Hayashi et al. ........... .. 257/435 

Mashiko 
AsakaWa et al. 
KaWai 
Austin et al. 
Lebby et al. ................ .. 385/89 

Shannon 
Olbright et al. 
Shannon 
Hinterlong 
Murphy 
Crossland et al. 
Faris 
Okubora et al. 
Hamanaka 
Robinson 
Bird 
Dodabalapur et al. 
Bird et al. 
Tanabe et al. 
Williams et al. 
Hoffert 
So 
Willner et al. 
Yamada 
Spaeth et al. ............... .. 257/82 

Miyanaga et al. 
Shindo et al. 
Yeh et al. 
Haas et al. ................ .. 385/120 

KoZlov et al. 
Zhang et al. 
KoZlov et al. 
Inoue et al. 
Vu et al. ................... .. 257/347 

Kim 
ShimiZu et al. 
Inoue et al. 
Shimoda et al. ........... .. 398/140 

Braitberg et al. 
Gharavla 
Yuan et al. ................ .. 250/551 

Tanaka et al. 
Thornton et al. 
Cohen et al. 
Takayama et al. 
Hashimoto 
Toyama et al. 
Takayama et al. 
Verdonk et al. 
Sato et al. 
YamaZaki 

2004/0012016 A1 1/2004 Underwood et al. 
2004/0042707 A1 3/2004 Imai et al. 
2004/0061126 A1 4/2004 Imai et al. 
2004/0195572 A1 10/2004 Kato et al. 
2005/0006648 A1 1/2005 YamaZaki et al. 
2005/0012445 A1 1/2005 YamaZaki et al. 
2005/0048320 A1 3/2005 Kobayashi 
2006/0082627 A9 4/2006 Bright et al. 
2006/0180826 A1 8/2006 YamaZaki et al. 
2007/0029548 A1 2/2007 YamaZaki et al. 

FOREIGN PATENT DOCUMENTS 

DE 199 63 165 3/2001 
EP 0 633 542 1/1995 
EP 0683623 11/1995 
EP 1 093 166 4/2001 
EP 1154676 11/2001 
EP 1 281 690 2/2003 
JP 05-037357 2/1993 
JP 05-343183 12/1993 
JP 09-246509 9/1997 
JP 10-063807 3/1998 
JP 11-243209 9/1999 
JP 2000-058259 2/2000 
JP 2000-058882 2/2000 
JP 2000-277794 10/2000 
JP 2001-189460 7/2001 
JP 3397565 4/2003 
JP 2003-168567 6/2003 
KR 9504420 4/1995 
WO WO-1998/050989 11/1998 
W0 WO 00/57489 * 9/2000 
W0 WO 01/33487 5/2001 
WO WO-2001/039554 5/2001 
W0 WO 01/64598 9/2001 
W0 WO 02/31882 4/2002 
WO WO-2002/071557 9/2002 

OTHER PUBLICATIONS 

J .A. Rogers et al., Organic Smart Pixels and Complementary Inverter 
Circuits Formed on Plastic Substrates by Casting and Rubber Stamp 
ing, IEEE Electron Devices Letters, vol. 21, No. 3, Mar. 2000, pp. 
100-103. 
European Search Report dated Jul. 1, 2004 for Application No. 
03009851 .1 . 

C. Wu et al., P-19: Design of a Novel a-Si PIN/OLED Image Sensor 
& Display Device, SID Digest ’99, SID International Symposium 
Digest of Technical Papers, 1999, pp. 528-531. 
Tessler.N, Lasers Based on Semiconducting Organic Materials, Adv. 
Mater. (Advanced Materials), 1999, vol. 11, No. 5, pp. 363-370. 
Diffraction by a Periodic Structure, http://WWW.Wias-berlin.de/ 
people/schmidt/diffpage/index.htrnl, Weierstrass Institute. 
Maurer.M, “Crystalline Colloidal Array Fabrication,”, http://WWW. 
personal .psu.edu/mkm20/ cca.html. 
Of?ce Action (US. Appl. No. 2004100039807) Apr. 20, 2007. 

* cited by examiner 





US. Patent Dec. 2, 2008 Sheet 2 0f 14 US 7,459,726 B2 

526 

Fig. 2D 



US. Patent Dec. 2, 2008 Sheet 3 0f 14 US 7,459,726 B2 

Fig. 3A 

F i g. 3B 530 



US. Patent Dec. 2, 2008 Sheet 4 0f 14 US 7,459,726 B2 

Input Signal 
(Electric Signal) 

1 12 1 14 

Optical 
Sig'nal 

l 
a 

F | g 4C 

Output Signal 
(Electrlc S|gnal 

104 11/ 



US. Patent Dec. 2, 2008 Sheet 5 0f 14 US 7,459,726 B2 

134 



US. Patent Dec. 2, 2008 Sheet 6 0f 14 US 7,459,726 B2 

of» 

, gI/I/ZZ 

(O 
o 
N 



US. Patent Dec. 2, 2008 Sheet 7 0f 14 US 7,459,726 B2 

Fig.7 



US. Patent Dec. 2, 2008 Sheet 8 0f 14 US 7,459,726 B2 

RE,WE CE(1) CE(2) - - - - - - CE(n) 606 
Q Q Q \ 

7’ w w?“ 
F i g. 8A > 

- a 
Dou1< I 604 601 g 

I >< 

Kc ' I 

' 606 I o) 
“.22 

i J) . . . . . . . . . . . . . . . . . . . . . .0 

& J 
Y 

Address Y 

WE CE(1)C 2)“ E(n) 

Fig.8B 

610 

Din< E 

Dout< : 



US. Patent Dec. 2, 2008 Sheet 9 0f 14 US 7,459,726 B2 

/ 1 / 626 

“ 622 

O) N O’) 

626 

624 621 

626 

Fig.9 



US. Patent Dec. 2, 2008 Sheet 10 0f 14 US 7,459,726 B2 

Fig.10 





US. Patent Dec. 2, 2008 Sheet 12 0f 14 US 7,459,726 B2 

I 
l 

[- 1- - ' 12 713 Y " I 7 1 

“MI 710 ] 711‘ 
714 V—Attaching 2nd Substrate 

\$\ 

3“ 709 Y 1 708 ] 

K\(>/z/707 \/ j 
"1 

F|g.12 ( 705 1 706 

A l 

I 
:'—-"—'] 704 
I 
I ‘\\—Cutting Edge of Substrate 
l 

I 
‘Ln-m] 703 I 
V Q Curing 

( Water-soluble Adhesive 

701\,\\@ 702 
+1 

\ Coating 
Water-soluble Adhesive 



US. Patent Dec. 2, 2008 Sheet 13 0f 14 US 7,459,726 B2 

2201 

Fig.13B 
Fig.13A 

2303 

2402 

""I'nnn 

"III-n‘... 

2405 

Fig.13D 2406 

23415 
0 05m 01/04 

0123 4156789!” 
AB 

2601 ! 
Fig.13E 



US. Patent Dec. 2, 2008 Sheet 14 0f 14 US 7,459,726 B2 

lllllll 'IIH'II 1/! I ,1”! 

Fig.14A 
Ill/I111 I [1,1,], 
I 

Fig.14B 



US 7,459,726 B2 
1 

SEMICONDUCTOR DEVICE COMPRISINGA 
LIGHT EMITTING ELEMENT AND A LIGHT 

RECEIVING ELEMENT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an integrated circuit (thin 

?lm integrated circuit) formed by using a semiconductor ?lm 
Which has a crystal structure and is formed on a glass sub 
strate, and more particularly, the invention relates to a thin 
?lm integrated circuit in Which a signal is transmitted by 
means of an optical interconnect, and to a semiconductor 
device using the relevant thin ?lm integrated circuit. 

2. Description of the Related Art 
As the minimum dimension for LSI approaches a sub 

micron region, a high integration of LSI has been limited. In 
the case Where a su?icient high integration is not realiZed in 
an integrated circuit, the Wiring resistance is heightened. 
Therefore, the delay of signals and the disturbance of Wave 
forms occur, the amount of transmission of signals is 
decreased, and the performance of the information process 
ing of the integrated circuit becomes restricted. Moreover, as 
Wirings are lengthened, a parasitic capacitance betWeen the 
Wirings is increased, and charging and discharging of energy 
to the Wirings are also increased, thus electric poWer con 
sumption cannot be loWered. 

Therefore, a technology for forming a three-dimensional 
integrated circuit attracts the attention in order to realiZe 
higher integration. The three-dimensional integrated circuit is 
formed by stacking semiconductor elements With an inter 
layer insulating ?lm interposed therebetWeen, and this tech 
nology is employed to realiZe much higher integration, higher 
data rates due to the shortening of the Wirings, and multi 
function operation of the integrated circuit. 

In order to form the three-dimensional integrated circuit, 
each semiconductor element formed on each layer has to be 
electrically interconnected. The electrical interconnection 
betWeen semiconductor elements can be performed by Wire 
bonding or ?ip chip bonding, or by forming a via hole in an 
interlayer insulating ?lm Which separates each layer. Further, 
What is called an optical interconnect can be employed, in 
Which an electric signal is converted to an optical signal by 
using a light emitting element and the semiconductor ele 
ments are interconnected through optical transmission. 
A technology for data transmission betWeen a CPU, a 

memory controller and a memory by using an optical signal is 
disclosed in Patent Document 1 beloW. 

[Patent Document 1] 
Japanese Patent Laid-Open No. 2000-58882 
As described in Patent Document 1, unnecessary radio 

Wave radiation and skeW betWeen data caused by the Wiring 
resistance can be suppressed by means of data transmission 
using an optical signal. 
As mentioned above, three-dimensionaliZation of the inte 

grated circuit is an essential technology for realiZing higher 
integration. HoWever, as the number of layers is increased so 
as to increase the amount of information to be processed by a 
semiconductor device, it becomes more dif?cult to intercon 
nect each layer. 

In the case of using the Wire bonding, for example, the 
adjacent layers are easily interconnected With a thin metal 
Wire, but in the case Where tWo layers to be interconnected are 
separated from each other, the form of layers interposed 
betWeen the tWo layers is restricted in order not to obstruct the 
formation of a thin metal Wire used for interconnecting. 
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2 
Therefore, When semiconductor elements are multilayered 
and the tWo layers are interconnected With more layers inter 
posed therebetWeen, connection With a thin metal Wire 
becomes di?icult. Further, the bonding With a thin metal Wire 
is commonly performed in the vicinity of the edge of each 
layer, thus the area for connecting the thin metal Wire is 
restricted and the number of terminals of each layer cannot be 
easily increased. 
MeanWhile in the case of using the ?ip chip bonding, since 

the area for electrically connecting is not restricted, the num 
ber of terminals of each layer can be relatively increased as 
compared With in the case of the Wire bonding. As Well as the 
Wire bonding, the ?ip chip bonding is suitable for intercon 
necting the adjacent layers. HoWever, When tWo layers to be 
interconnected are separated from each other, the form of 
layers interposed betWeen the tWo layers is restricted in order 
not to obstruct the connection With a solder ball, therefore, the 
?ip chip bonding is unsuitable for multilayering as Well as the 
Wire bonding. 
When interconnecting tWo layers by forming a via hole in 

an interlayer insulating ?lm therebetWeen, and the tWo layers 
to be interconnected are separated from each other, the via 
hole has to be formed so as to penetrate all the layers placed 
betWeen the tWo layers. The thicker the layers to be penetrated 
are, the longer the via hole diameter is. Accordingly, high 
integration of Wirings is prevented and this is also unsuitable 
for mulilayering. 

In the case of using the optical transmission, unlike the 
above-mentioned cases, tWo layers can be interconnected 
Without restricting the form of the other interposed layers 
therebetWeen by using an optical system such as an optical 
?ber, even When the tWo layers to be interconnected are 
separated from each other. HoWever, since the optical ?ber is 
very expensive in general, it is not suitable for a semiconduc 
tor device using an integrated circuit in vieW of a cost thereof. 
When a plurality of thin ?lm integrated circuits are sequen 

tially formed to be layered on a substrate, optical transmission 
can be easily performed Without an optical system such as an 
optical ?ber. HoWever, crystallization of a semiconductor 
?lm used for a semiconductor element of the upper layer has 
to be carried out at a temperature equal to or loWer than a 
heat-resistance temperature of the loWer layer. Thus, there are 
many restrictions on manufacturing steps, and it is di?icult to 
form a thin ?lm integrated circuit With a higher performance. 

In vieW of the foregoing, it is the primary object of the 
invention to provide a semiconductor device, Which has a 
high performance integrated circuit formed on an inexpensive 
glass substrate and capable of processing the large amount of 
information, operating at higher data rates. 

SUMMARY OF THE INVENTION 

To solve the above-described problems, according to the 
invention, a thin ?lm integrated circuit is formed by using a 
thin ?lm semiconductor ?lm formed on a heat-resistant sub 
strate, and the thin ?lm integrated circuit is transferred to 
another substrate. Thus, a plurality of thin ?lm integrated 
circuits are stacked by repeating the transfer, and a three 
dimensionaliZation of the integrated circuit can be realiZed. 
Any substrate may be utiliZed as a substrate for forming a thin 
?lm integrated circuit before transferred as long as the sub 
strate has a heat-resistance enough to Withstand the heat treat 
ment in the manufacturing steps of a semiconductor element. 

Interconnection betWeen each thin ?lm integrated circuit 
(hereinafter referred to as thin ?lm chip) on each layer is 
carried out by What is called an optical interconnect using an 
optical signal. That is, a light emitting element is provided at 
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the output terminal of a thin ?lm chip on the upper layer, and 
a light receiving element is provided at the input terminal of 
a thin ?lm chip on the lower layer so as to face the light 
emitting element. An electric signal outputted from the thin 
?lm chip on the upper layer is converted to an optical signal in 
the light emitting element and then inputted to the thin ?lm 
chip on the loWer layer after being converted to an electric 
signal in the light receiving element Which has received the 
optical signal. 

The transfer of a thin ?lm chip can be carried out by using 
a variety of methods: a method of transfer by providing a 
metal oxide ?lm betWeen a substrate and a thin ?lm integrated 
circuit and separating the thin ?lm integrated circuit from the 
substrate after Weakening the metal oxide ?lm by crystalliZa 
tion; a method of transfer by providing an amorphous silicon 
?lm including hydrogen betWeen a substrate and a thin ?lm 
integrated circuit and removing the amorphous silicon ?lm by 
irradiating a laser beam or etching so as to separate the thin 
?lm integrated circuit from the substrate; a method of transfer 
by mechanically removing a substrate on Which a thin ?lm 
integrated circuit is formed or by etching the substrate With 
solution or gases so as to separate the thin ?lm integrated 
circuit from the substrate, and the like. 

For example, the transfer using a metal oxide ?lm is per 
formed according to the folloWing steps. 

First, prepared is a ?rst substrate Which has a heat-resis 
tance enough to Withstand the heat treatment in the manufac 
turing steps of a semiconductor element. After forming a 
metal ?lm on the ?rst substrate, a surface of the metal ?lm is 
oxidiZed to form an ultrathin metal oxide ?lm With the thick 
ness of a feW nanometers. Next, an insulating ?lm and a 
semiconductor ?lm are formed to be laminated on the metal 
oxide ?lm. The insulating ?lm may have a single layer struc 
ture or a laminated structure of multilayer. Silicon nitride, 
silicon oxynitride, silicon oxide and the like can be employed 
for the insulating ?lm. By using the semiconductor ?lm, a 
semiconductor element used for a thin ?lm integrated circuit 
is obtained. 

After forming the semiconductor element, a second sub 
strate is attached so that the semiconductor element is covered 
and sandWiched betWeen the ?rst and second substrates. It is 
to be noted that in the case of forming a display device as Well 
as the thin ?lm integrated circuit, the second substrate is 
attached before ?nishing the formation of a display element. 
For example, When a liquid crystal cell is employed as a 
display element, the second substrate is attached after form 
ing a pixel electrode of the liquid crystal cell electrically 
connected to a thin ?lm transistor (TFT) Which is one of the 
semiconductor elements and forming an alignment ?lm cov 
ering the pixel electrode, and then a counter substrate on 
Which a counter electrode is formed is attached. 

Subsequently, in order to add the rigidity to the ?rst sub 
strate, a third substrate is attached on the opposite side of the 
?rst substrate on Which the semiconductor element is formed. 
By making the ?rst substrate more rigid as compared With the 
second substrate, the ?rst substrate can be detached smoothly 
Without damaging the semiconductor element. It is to be 
noted that the third substrate is not necessarily provided When 
the ?rst substrate has high rigidity enough to Withstand the 
detachment from the semiconductor element. 

Subsequently, the metal oxide ?lm is crystalliZed by a heat 
treatment so as to Weaken the metal oxide ?lm and facilitate 
the detachment of the ?rst substrate from the semiconductor 
element. Then, the ?rst substrate and the third substrate are 
detached simultaneously from the semiconductor element. It 
is to be noted that the heat treatment for crystalliZing the metal 
oxide ?lm may be carried out either before attaching the third 
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4 
substrate or before attaching the second substrate. Altema 
tively, the heat treatment conducted in the steps of manufac 
turing the semiconductor element may be used for crystalliz 
ing the metal oxide ?lm. 
By this detachement, the metal ?lm is partially separated 

from the metal oxide ?lm, and the insulating ?lm is partially 
separated from the metal oxide ?lm, thus the metal oxide ?lm 
is partially separated into tWo sides. In either case, the semi 
conductor element is detached from the ?rst substrate so as to 
be attached to the second substrate. 

Subsequently, the semiconductor element attached to the 
second substrate after being detached from the ?rst substrate 
is attached to a substrate used for forming a semiconductor 
device (hereinafter referred to as an element substrate) With 
an adhesive or the like. Then, the second substrate is detached 
so as to transfer the semiconductor element to the element 
substrate. One thin ?lm chip is formed With the semiconduc 
tor element Which is ?xed on the element substrate. A light 
receiving element and a light emitting element for intercon 
necting the thin ?lm chip With other chips may be formed on 
the element substrate in advance or formed after attaching the 
thin ?lm chip. Alternatively, an existing light receiving ele 
ment or light emitting element may be attached on the ele 
ment substrate and electrically connected to the thin ?lm chip. 

In the same Way, a thin ?lm integrated circuit for con?g 
uring a thin ?lm chip on the next layer is formed on another 
substrate and transferred so as to be stacked on the thin ?lm 
chip transferred earlier. By repeating the transfer in this man 
ner, thin ?lm chips canbe stacked on the element substrate. At 
this time, interlayer insulating ?lms formed of resin or the like 
may be interposed betWeen each thin ?lm chip. Also, the 
adhesive Which is used for transferring may substitute for the 
interlayer insulating ?lms. 

In the case Where a display device as Well as a thin ?lm chip 
is transferred, a display element is formed after the transfer. 
Speci?cally, in the case of forming a liquid crystal display 
device, for example, a plastic substrate (hereinafter referred 
to as a counter substrate) on Which a counter electrode, a 
polariZer and the like are formed is prepared, and after attach 
ing the counter substrate, a liquid crystal is injected to com 
plete a liquid crystal cell. It is to be noted that on the counter 
substrate may be formed not only the counter electrode and 
the polariZer but also a color ?lter, an alignment ?lm, a black 
matrix and the like. 

According to the invention, the thickness of a thin ?lm chip 
on each layer can be made 5 pm in total, and more preferably, 
it can be made less than 2 pm in total. 
As described above, a thin ?lm chip on each layer can be 

formed individually according to the invention. Therefore, a 
manufacturing step of a semiconductor element on the upper 
layer is not restricted due to the heat resistance of a semicon 
ductor element on the loWer layer, thus, a semiconductor 
element With higher performance can be obtained. 

Further, unlike the case in Which thin ?lm integrated cir 
cuits each formed of a semiconductor ?lm on a glass substrate 
are stacked to realiZe the three-dimensionaliZation, a thin ?lm 
chip on each layer can be stacked Without glass substrates or 
the like interposed therebetWeen and thus be in contact With 
each other. Accordingly, it is not necessary to take into 
account the diffusion of light due to the glass substrates. In 
addition, since the distance betWeen a light emitting element 
and a light receiving element can be made shorter, it is pos 
sible to control the directionality of light to some extent. 

Incidentally, a plastic substrate having ?exibility may be 
used for an element substrate. For the plastic substrate, 
ARTON (a product of JSR) formed of norbomen resin With 
polar group can be used. The plastic substrate may also be 
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formed of polyethylene terephthalate (PET), polyether sul 
fone (PES), polyethylene naphthalate (PEN), polycarbonate 
(PC), nylon, polyether ether ketone (PEEK), polysulfone 
(PSF), polyether imide (PEI), polyarylate (PAR), polybuty 
lene terephthalate (PBT), polyimide, or the like. 
By using the plastic substrate having ?exibility instead of 

the glass substrate, a thin ?lm integrated circuit Which exhib 
its improved mechanical resistance to vibration and shock 
and is reduced in Weight can be formed, and thus the thin ?lm 
integrated circuit can be easily reduced in thickness. More 
over, the form of the thin ?lm integrated circuit can be freely 
transformed because of the ?exibility of the element sub 
strate. For example, the thin ?lm integrated circuit having a 
curved surface can be formed so as to be attached to a cylin 
drical bottle or the like. 
When forming a semiconductor device by using the thin 

?lm integrated circuit according to the invention, an area 
occupied by the integrated circuit can be made larger. Further, 
an electronic equipment having the semiconductor device 
With higher performance can be realiZed While securing the 
reduction in Weight and siZe thereof. Speci?cally, as the 
usability is dramatically improved by reducing the Weight and 
siZe, it is very useful to apply the thin ?lm integrated circuit of 
the invention to a portable electronic equipment. 

The optical interconnect alloWs the data transmission 
betWeen thin ?lm chips While reducing unnecessary radio 
Wave radiation and skeW caused by the Wiring resistance. In 
addition, in the step of converting an electric signal to an 
optical signal and converting the optical signal to an electric 
signal, amplitude of electric signals obtained at the end can be 
freely controlled. 

Further, since a signal of one light emitting element can be 
received by a plurality of light receiving elements, a signal 
can be transmitted from one thin ?lm chip to other thin ?lm 
chips at the same time. As a result, an optical bus at much 
higher data rates can be achieved. 

Data transmission betWeen more than three layers of thin 
?lm chips can also be achieved With comparative ease Without 
using a particular optical system such as an optical ?ber, 
because each of the thin ?lm chips transmits light unlike a 
single-crystal silicon Wafer. It is to be noted that TFTs formed 
on a glass substrate operate at a loWer rate as compared With 
single-crystal transistors. HoWever, by using an optical signal 
for data transmission betWeen thin ?lm chips, a bus Width of 
a signal transmitted betWeen the thin ?lm chips can be Widen 
and circuits on a plurality of thin ?lm chips can ef?ciently 
operate in parallel, therefore, it is possible to make up for the 
loW operating rate of the TFTs formed on a glass substrate. 

Furthermore, although the integration of the circuit formed 
on a glass substrate is loWer than that of the circuit formed on 
a single-crystal silicon Wafer, a plurality of thin ?lm chips can 
be stacked by using an optical signal for data transmission 
betWeen substrates. Thus, the thin ?lm integrated circuits can 
be prevented from occupying much area in the lateral direc 
tion. Moreover, Wirings can also be prevented from being 
lengthened and an increase in poWer consumption caused by 
a Wiring capacitor can thus be suppressed. 

The invention also facilitates the change in the manufac 
turing step of each thin ?lm chip. That is, unlike the case of 
simultaneously forming all the circuits on one substrate, an 
appropriate step can be selected in accordance With a property 
required for a thin ?lm chip of each layer. Also, by using an 
inexpensive glass substrate, production at a loWer cost can be 
achieved. 

According to the invention, one integrated circuit is con 
?gured in combination With a plurality of thin ?lm chips 
formed separately. Therefore, the production yield can be 
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6 
improved as compared With in the case of simultaneously 
forming a plurality of integrated circuits on one substrate. 
Further, by using an optical signal for data transmission 
betWeen thin ?lm chips, the number of terminals of an FPC or 
the like used for electrically interconnecting each circuit can 
be reduced and the mechanical strength can thus be improved. 
Moreover, yield loss due to contact failures at terminals is 
eliminated even When the amount of information to be pro 
cessed is increased. 

With reference to a light emitting element and a light 
receiving element Which transmits and receives an optical 
signal respectively, they are not necessarily disposed at the 
end of a substrate unlike the terminals of an FPC. Accord 
ingly, the limitation of the layout is raised and it thus facili 
tates to deal With further increase of the amount of informa 
tion to be processed. 
As described above, the invention enables to provide a 

semiconductor device having an integrated circuit With 
higher performance and capable of operating at higher rates. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A to IE shoW a manufacturing method of a thin ?lm 
integrated circuit of the invention. 

FIGS. 2A to 2D shoW a manufacturing method of a thin 
?lm integrated circuit of the invention. 

FIGS. 3A and 3B shoW a manufacturing method of a thin 
?lm integrated circuit of the invention. 

FIGS. 4A to 4C shoW con?gurations of a thin ?lm inte 
grated circuit of the invention. 

FIGS. 5A and 5B shoW con?gurations of a thin ?lm inte 
grated circuit of the invention 

FIG. 6 shoWs a structure of a light emitting element used 
for a thin ?lm integrated circuit of the invention. 

FIG. 7 shoWs a structure of a microprocessor using a thin 
?lm integrated circuit of the invention. 

FIGS. 8A and 8B shoW con?gurations of a DRAM using a 
thin ?lm integrated circuit of the invention. 

FIG. 9 shoWs a con?guration of a DRAM using a thin ?lm 
integrated circuit of the invention. 

FIG. 10 shoWs a con?guration of a one-chip microcom 
puter using a thin ?lm integrated circuit of the invention. 

FIGS. 11A to 11D are perspective vieWs and cross-sec 
tional vieWs shoWing a thin ?lm integrated circuit of the 
invention connected to an interposer. 

FIG. 12 shoWs an example of production equipment used in 
the manufacturing steps of a thin ?lm integrated circuit of the 
invention. 

FIGS. 13A to 13E shoW semiconductor devices each using 
a thin ?lm integrated circuit of the invention. 

FIGS. 14A and 14B are cross-sectional vieWs of a pixel of 
a display device Which is one of the semiconductor devices of 
the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment Mode 

Explanation is hereinafter made on a manufacturing 
method of a semiconductor element used for a thin ?lm inte 
grated circuit of the invention and an attaching (transferring) 
method of the semiconductor element to an element substrate. 
It is to be noted that although tWo TFTs are used as the 
semiconductor elements in this embodiment mode, the semi 
conductor elements included in a thin ?lm integrated circuit 
are not limited to them but any circuit element can be 



US 7,459,726 B2 
7 

employed. For example, as other circuit elements, a memory, 
a diode, an optoelectric converter, a resistor, a coil, a capaci 
tor, an inductor and the like are typically employed. 

First, as shoWn in FIG. 1A, a metal ?lm 501 is formed on a 
?rst substrate 500 by sputtering. A tungsten ?lm is used for 
the metal ?lm 501 and the ?lm thickness is in the range of 100 
to 200 nm, or preferably 50 to 75 nm herein. Note that 
although the metal ?lm 501 is directly formed on the ?rst 
substrate 500 in this embodiment mode, an insulating ?lm 
such as a silicon oxide ?lm, a silicon nitride ?lm and a silicon 
oxynitride ?lm may be disposed so as to cover the ?rst sub 
strate 500 before forming the metal ?lm 501. 

After forming the metal ?lm 501, an oxide ?lm 502 is 
formed thereon Without exposing them to the atmosphere. A 
silicon oxide ?lm having a thickness of 150 to 300 nm is used 
for the oxide ?lm 502 herein. Incidentally, in the case of using 
the sputtering, the metal ?lm 501 and the oxide ?lm 502 are 
formed at the edge of the ?rst substrate 500. Therefore, it is 
preferable to selectively remove these ?lms formed at the 
edge of the ?rst substrate 500 by 02 ashing and the like or to 
cut the edge of the ?rst substrate 500 by dicing and the like so 
as to prevent these ?lms from remaining on the ?rst substrate 
500 in a removing step. 

In forming the oxide ?lm 502, presputtering is performed 
as the preliminary step of the sputtering, in Which a target and 
the substrate are blocked off With a shutter to generate plasma. 
This presputtering step is performed by using Ar at a rate of l 0 
sccm and 02 at a rate of 30 sccm While maintaining the ?rst 
substrate 500 at a temperature of 2700 C. and a deposition 
poWer at 3 kW. By the presputtering step, an ultrathin metal 
oxide ?lm 503 With a thickness of about a feW nanometers (3 
nm herein) is formed betWeen the metal ?lm 501 and the 
oxide ?lm 502. Since the metal oxide ?lm 503 is obtained by 
oxidizing a surface of the metal ?lm 501, the metal oxide ?lm 
503 is formed of tungsten oxide in this embodiment mode. 

It is to be noted that although the metal oxide ?lm 503 is 
formed by presputtering in this embodiment mode, the inven 
tion is not limited to this. Alternatively, the surface of the 
metal ?lm 501 may be intentionally oxidized With plasma by 
adding 02 or a mixture of O2 and an inert gas such as Ar so as 
to form the metal oxide ?lm 503. 

After forming the oxide ?lm 502, a base ?lm 504 is formed 
by a plasma chemical vapor deposition (PCVD). A silicon 
oxynitride ?lm having a thickness of approximately 100 nm is 
used for the base ?lm 504. After forming the base ?lm 504, a 
semiconductor ?lm 505 is formed thereon Without exposing 
them to the atmosphere. The thickness of the semiconductor 
?lm 505 is in the range of 25 to 100 nm (preferably 30 to 60 
nm), and either an amorphous semiconductor or a polycrys 
talline semiconductor can be employed for the semiconductor 
?lm 505. As a semiconductor material, silicon germanium 
can be employed as Well as silicon. In the case of using silicon 
germanium, the germanium concentration is preferably in the 
range of 0.01 to 4.5 atomic %. 

Then, the semiconductor ?lm 505 is crystallized in a 
knoWn manner Thermal crystallization using an electric fur 
nace, laser crystallization using laser beam, and lump anneal 
ing crystallization using infrared light are employed in the 
crystallization. Alternatively, crystallization may be per 
formed by using a catalyst element as disclosed in Japanese 
Patent Laid-Open No. H7-l30652. 

Incidentally, the polycrystalline semiconductor ?lm 505 
may be formed in advance by sputtering, a plasma CVD, a 
thermal CVD or the like. 

In this embodiment mode, the semiconductor ?lm 505 is 
crystallized by laser crystallization. When the crystallization 
is performed by a continuous Wave solid-state laser using the 
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second to fourth harmonic of the fundamental Wave thereof, 
crystals of large grain size can be obtained. Typically, the 
second harmonic (532 nm) or third harmonic (355 nm) of an 
Nd: YVO4 laser (fundamental Wave: 1064 nm) is desirably 
employed. Speci?cally, laser beam emitted from a continuous 
Wave YVO4 laser is converted into harmonic by a non-linear 
optical element to obtain laser beam With output of 10W. 
Alternatively, harmonic may be emitted by using a non-linear 
optical element. The harmonic is preferably shaped into 
oblong or elliptical laser beam on an irradiation surface by an 
optical system and then irradiates the semiconductor ?lm 
505. The energy density required at this point is approxi 
mately 0.01 to 100 MW/cm2 (preferably 0.1 to 10 MW/cm2). 
During the irradiation, the semiconductor ?lm 505 is moved 
relative to the laserbeam at a rate of approximately 10 to 2000 
cm/ s. 

For laser irradiation of the laser crystallization, laser beam 
of continuous fundamental Wave and laser beam of continu 
ous harmonic can be employed, or laser beam of continuous 
fundamental Wave and laser beam of pulse Wave can also be 
employed. 

Incidentally, laser beam may be irradiated in the atmo 
sphere of an inert gas such as a noble gas or nitrogen. Accord 
ing to this, the surface of the semiconductor ?lm is prevented 
from being roughened through the laser irradiation and ?uc 
tuation in threshold caused by the variation in interface level 
density can be reduced. 

The semiconductor ?lm 505 is enhanced in crystallinity by 
the laser irradiation described above. Then, as shoWn in FIG. 
1B, island-shaped semiconductor ?lms 507 and 508 are 
formed by patterning of the semiconductor ?lm 505 having an 
even higher crystallinity, and semiconductor elements typi 
?ed by TFTs are formed by using the island-shaped semicon 
ductor ?lms 507 and 508. It is to be noted that although the 
island-shaped semiconductor ?lms 507 and 508 are formed 
directly on the base ?lm 504 in this embodiment mode, an 
electrode or an insulating ?lm and the like may be interposed 
betWeen the base ?lm 504 and the island-shaped semiconduc 
tor ?lms 507 and 508 depending on the semiconductor ele 
ments. In the case Where a bottom gate TFT is employed as a 
semiconductor element, for example, a gate electrode and a 
gate insulating ?lm are formed betWeen the base ?lm 504 and 
the island-shaped semiconductor ?lms 507 and 508. 

In this embodiment mode, top gate TFTs 509 and 510 are 
formed by using the island-shaped semiconductor ?lms 507 
and 508 (FIG. 1C). Speci?cally, a gate insulating ?lm 511 is 
formed so as to cover the island-shaped semiconductor ?lms 
507 and 508. Then, a conductive ?lm is disposed on the gate 
insulating ?lm 511, and gate electrodes 512 and 513 are 
formed by patterning the conductive ?lm. Subsequently, an 
n-type impurity is implanted into the island-shaped semicon 
ductor ?lms 507 and 508 by using as a mask the gate elec 
trodes 512 and 513 or a resist Which has been formed and 
patterned, and thus a source region, a drain region, an LDD 
region and the like are obtained. Although the n-type TFTs 
509 and 510 are formed herein, p-type TFTs can be employed 
as Well, and in this case, a p-type impurity is implanted into 
the semiconductor ?lm. 

The TFTs 509 and 510 are formed through a series of steps 
described above, hoWever, the manufacturing method of 
TFTs is not limited to these steps. 

Subsequently, a ?rst interlayer insulating ?lm 514 is 
formed so as to cover the TFTs 509 and 510. After forming 
contact holes in the gate insulating ?lm 511 and the ?rst 
interlayer insulating ?lm 514, terminals 515 to 518 Which are 


























